Lung functions \rere nieasured on 13-day-old conjoined thoraFlow rates were measured with Fleisch #000 pneumotachocopagus twins. Mean values for tidal volume and minute ventilation graphs (Godart/Statham, Holland, Jan Van, Eycklaam 2, Bil\tere 14.8 n~l and 1102 ml/n~in for twin A and 12.8 ml and %3 ml/ thoven) adapted to infant anesthesia masks and connected to niin for twin B. 1:unctional residual capacities (FRC) were 35 ml/ Statham PM283TC pressure transducers (Statham, Inc., 2230 kg and 39 ri~l/kg for twins A and B, respectively. Pulnlonary Statham Blvd., Oxnard, CA 93030). Dead space volume of the cornpliancc and flow resistance for twin A were 2.8 n~l/cm EIzO pneumotachograph-mask assembly was 10 ml. Tidal volumes were and 75 cni I120/liter.sec-' with 45% of the total work used to obtained by electrical integration of the rate of flow signal from ovcrconie elastic resistance. Although values for resistance and the pressure transducers. Intraesophageal pressure changes, as an work of breathing are within the normal range for studies reported index of intrapleural pressure changes (a), were measured with 1.6 elsewhere, these results tend to be elevated and probably reflect mm outside diameter pressure transducer tipped catheters with a an abnorn~al state.
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response time of less than 10 psec (Millar Instruments, Inc., P 0 Box 18227, Houston, TX). Pressure catheters were passed through Speculation airtight seals in the face masks and then nasally into the esophagus. Catheters were calibrated in cm H 2 0 by immersion in water With decreasing reluctance by surgeons to separate conjoined containing a small amount of detergent. In this study, pressure thoracopagus twins, data concerning their preoperative respiratory changes and not absolute pressures were monitored. Elastic and pathophysiology assunlcs greater importance. Pulmonary function flow resistances were calculated from simultaneous volume, rates tests on conjoined twins may provide valuable information con-of flow and intraesophageal pressure changes recorded on an 8-ccrriing the feasibility and prognosis for successfu~ separation.
channel Brush 481 strip chart recorder (Could, Inc., Brush Division, 3621 Perkins Ave., Cleveland, O H 141 14). Several minutes of adaptation to handling and tactile stimulation were necessary Conjoined twins are a rare phenomenon. In humans, the inci-to calm the twins before recording data. Using a noninvasive dence is estimated at I in 33,000-165,000 births. The most common technique (3), respiratory rates were monitored before and after type of conjoined twins is the thoracopagus. The authors recently this study to establish near basal breathing patterns. had the opportunity to investigate ventilation and respiratory FRC was measured by nitrogen wash out. The technique basimechanics in female thoracopagus twins undergoing clinical eval-cally consists of replacing air breathing with 100% oxygen and uation to determine the feasibility of separation.
using the volume of nitrogen washed out in calculating FRC (7, Many anatomic and physiologic characteristics of thoracopagus 9). A nonbreathing valve system (2) adapted to an infant anesthetwins have been described (I, 10, 12, 15, 18, 19) . Conjoined hearts sia mask permitted the infant to breathe from a gas bag partially and complex cardiovascular malformations have often precluded filled with 100% oxygen and exhale into a collecting bag. After successful separation. Respiratory failure and pulmonary compli-the infant breathed 100% oxygen for 2 min, the exhaled gas cations in the postoperative period have been considered second-volume was determined and the average nitrogen concentration ary to large anterior defects of the diaphragm and abdominal and measured with a Medical Gas Analyzer, type MGA-I 100 (Perkinchest walls leading to paradoxical movement and ineffective ven-Elmer, 277 1 North Carey Ave., Pomona, CA 9 1767). Standard tilation. Other than pulmonary isomerism, the lungs of thoraco-corrections for apparatus nitrogen volume, temperature, and water pagus twins have been normal anatomically and to our knowledge, vapor were made. studies on the mechanics of breathing have not previously been Pulmonary compliance, calculated as the ratio of tidal volume reported.
to the corresponding change in intraesophageal pressure at points of zero flow, was expressed in ml/cm HZO. Specific compliance CASE REPORT was expressed as compliance/ml of FRC. Resistance to flow, calculated as the ratio of change in intraesophageal pressure minus Conjoined female thoracopagus twins were born after 35 weeks face mask pressure to the corresponding total flow rate change at of gestation at the University of Texas Medical Branch, Galveston, inspiratory and expiratory isovolumetric points, was expressed in Texas. The twins, joined from the suprasternal notch to the cm H20/liter-sec-'. umbilicus, shared pericardium, diaphragm, and liver. Their comWork required for inspiration was calculated from a modified bined weight was 4.3 kg. Although both twins were 41.5 cm in form of the equation used by Otis et al. (14) . When expiration is length, twin A appeared heavier. Twin A had a normal cardio-assumed passive, the equation provides a method for estimating vascular system; however, twin B had severe cyanotic heart disease total positive mechanical work performed on the lungs per unit (double outlet right ventricle). Pulmonary functions were studied time. A simplified form of this expression, which assumes second 13 days after birth. On that date, the infants were in satisfactory order resistive factors negligible, was used by Cook et al. (5) to condition, breathing spontaneously, and resting on a radiant measure newborn infant lung mechanics. Work of breathing was warmer (Ohio Medical Products, Madison, WI 53701). Their calculated by substituting lung compliance, tidal volume, frecombined weight at this time was no different than birth weight. quency of breathing, and flow resistance into the equation:
Where: w = work of breathing, g.cm/min; C = pulmonary compliance, ml/cm H20; f = frequency, breaths/min; VT = tidal volume, ml; and K = flow resistance, cm H20/ml/min. Percent elastic work was expressed as the ratio of the elastic resistance to the total work.
RESULTS
Tidal volume and minute ventilation for both infants are listed in Table I . These data represent a total of 81 representative breaths from twin A and 58 representative breaths from twin B. Typical tracings of intraesophageal pressure changes, volume changes, and rates of flow during twin B's breath holding and during periods of quiet synchronous and asynchronous breathing are shown in Figures 1-3 . The mean tidal volume for twin A was 14.8 ml (range, 7.5-25.5 ml) with a minute volume of 1102 ml/ min. Twin B had a mean tidal volume of 12.8 ml (range, 8.0-16.5 ml) with a n average minute volume of 963 ml/min. Respiratory
Calculations on mechanics of breathing for twin A are presented in Table 1 . The mean lung compliance was 2.8 ml/cm H2O (SD of a series of 60 = f 1.3 ml/cm H 2 0 ) and ranged from 1.1-7.4 ml/cm H20. Lung resistance for twin A was 73 cm H20/litersec-', and ranged from 21-163 cm H20/liter.sec-I. The average work on the lungs was 7405 g.cm/rnin with 45% of total work used to overcome elastic resistance. Valid data from twin B were insufficient for compliance, resistance and work of breathing calculations. Average FRC's were 75 ml (SD f 7 ml) for twin A and 84 ml (SD + 6 ml) for twin B.
In this study, the infants were not considered basal due to handling and face mask stimulation. Breathing rates measured with a modified nontactile respirometer (3), however, showed no ' Range of individual measurements in parentheses. ' NK = insufficient data. (Table 2 ) on normal infants, however, are significantly lower than observed in this study. The higher rates observed may be a result of the anatomic nature of the common rib cage, sibling restriction, abnormalities in the mechanical efficiency of respiratory muscles, or anticipation of tactile stimulation. The lungs and connecting airways are often compared to mechanical analog systems where force required to move air into the system equals the sum of the elastic elements plus flow resistive and inertial components. In applying the data from this study to approximating mechanical work of breathing, second order flow resistance factors were assumed negligible. Flow resistance pressure changes were measured at points of equal inspiratory and expiratory volumes (isovolumetric), which in effect averages inspiratory and expiratory flow resistances. These points were selected near zero flow acceleration to minimize inertial components.
Intraesophageal pressures were assumed to represent the average transpulmonary pressure for the entire lung. In general, pressure changes appeared valid for twin A, and compliance calculations from data recorded during twin B's apnea were not significantly different from data collected during synchronous or asynchronous breathing patterns. During simultaneous breathing, however, pressures monitored in twin B were not a reliable measure of transpulmonary pressure-changes, but included changed corresponding to the breathing of twin A (Figs.  2 and 3) . Thus, due to the unusual anatomic arrangement, pressure waveforms from twin B were difficult to analyze and insufficient data were collected to make valid calculations on lung mechanics.
Transpulmonary pressure changes were observed during periodic apnea in twin B (Fig. l) . Improper location of the pressure probe or periodic glottis closure could account for this phenomenon, however, no upper airway obstruction was observed in twin A or B. Clinically, apnea did not present a problem in twin B. No fluoroscopic studies were made to locate the exact position of the pressure probes in relationship to the other. F R C volumes based on body weight were 35 ml/kg and 39 ml/ kg for twin A and twin B, respectively, and are comparable to volumes previously reported (4, 11, 16) . Based upon investigations of normal infants (9, 11, 13) , it was assumed that changes in F R C were minimal and the distribution of inspired gas was normal. While care was taken in keeping the face masks in place, small leaks would lead to an overestimation of the F R C volume.
This study was limited to function and mechanics of the lungs and not directed at the chest wall and respiratory muscle abnormalities. Restrictions imposed by the chest wall could influence normal lung function, i.e., increased respiratory rate and decreased tidal volume. During the short period of time required for data recording, no significant change in respiratory rate or tidal volume was observed and thus, it was concluded that minute ventilation and work of breathing were not seriously compromised by apparatus dead space ventilation.
It is noteworthy that many functions measured were within the range of normal values reported (Table 2 ). For diagnostic purposes, however, it was difficult to compare data from this study to the average values for infants of different ages as shown in Table  2 . The presumed etiology of any abnormalities, however, appear related to the chest wall and not the lungs.
The twins were successfully separated at 5 wk of age. Both twins had large anterior chest wall defects and required positive pressure ventilation for several weeks postoperatively. Twin B died at 7 months of age due to severe cyanotic heart disease (double outlet right ventricle with pulmonary artery atresia). Anatomically, her lungs were normal. Twin A at 24 months of age is normal with no evidence of respiratory disease.
